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ABSTRACT
ThisresearchisaimedtoassessthefloodhazardinpartofSurakartausing
hydrodynamicmodelling.Fl02Dsoftwareis usedtosimulatethefloodfor 10,25
and100yearreturnperiodThemodelingresultsincludetwofloodparameters,i.e
waterdepthandflow velocity.A comparisonwasmadeinfloodhazardmapping
betweensingleparameterandmultiparameters.Themultiparametershazard
mapsimprovethereliabilityofthehazardclassdelineation.Theimpactassessment
is donein twopointof view,humansafetyandpropertydamage.Thefurther
impactassessmentisdonebycalculatingthenumberofbuildingsaffectedbyflood.
Keywords:hydrodynamicmodelling,fl02D,floodhazardmapping,impact
assessment
INTRODUCTION
Surakartacityis oneoftheareain Indonesiathatfrequentlystruckbyfloodsevents
inrecentyears.Someof theSurakarta'sdistrictarelocatedneartheBengawan
SoloRiverandarepronetoflooding.Historically,therearetwobigfloodsstruck
thiscity,theyarea floodin 1966anda floodin 2007.AccordingtoUnitDisaster
MitigationandEvacuationof SurakartaCitythelaterfloodcausetotaleconomic
lossesfor aboutRp. 21~938~500~000(EUR 1,534,161).It also inundated12
villagesin5districts[Hidayat,2008].
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TherecentdamagesthatoccurreduetopeakdischargeofBengawanSolo
Riverin December2007andtheincreasingoccurrenceof floodin recentyears
havegrabbedtheattentionof community,researcherandlocalauthoritiesto
increasetheirawarenesstoflooding.The localauthorityhas implementedboth
of structuralandnon structuralmitigationmeasureto reducethe flood risk.
However,floodingremainstohandlein Surakarta.So it is importanttostudythe
holisticapproachinthehazardassessmentof floodinSurakarta.
Thereareseveralmethodsto assessfloodhazard,amongthemarefirst
usingcommunitybasedapproachandsecondbyfloodmodellingapproach.Study
toassessfloodhazardin SurakartausingcommunityapproachwasdonebyZeinin
2010.
Themainobjectiveofthisresearchistocarryoutafloodhazardassessment
usinghydrodynamicmodellinginpartofSurakartaCity.
Surakarta,mostlywell knownas"SoloCity" is oneof thebig citiesin
CentralJava.It is locatedabout100kmSoutheastofSemarang(Thecapitalcityof
CentralJava)and65kmNortheastof Yogyakarta(Fig.1). Locatedbetweenhills
andmountainswithflattopographyandpassedbyrivermakeSurakartaproneto
flooding.TheBengawanSoloRiverwhichliesineasternpartof thecityoverflows
itsbanksmanytimes.
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Figure1.Studyarea
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THE METHODS
In thisresearch,theauthortriedtoassessthefloodhazardandimpactofthe
floodby usinga hydrodynamicmodelling.The Flo2D modelwill be selected
whichallowsthecomputationtwo dimensionaloverlandflow modelling.This
studyis dividedintothreemainphases,namelyI) Datapreparation,2) Flood
modelling,and3)Hazardandimpactassessment.
DataPreparation
TheflI'Stphaseis concernondatapreparationandanalysis.Themaindata
aredividedintospatialdataincludestheterraindataandlanduseinformationand
thenonspatialdataincludethedischargeinformation.
FloodModelling
Thesecondphasefocuseson thebuildingandsimulatingtheflood.This
phaseis consistingof the followingtechnicalwork: DTM constructionand
simulatingfloodsusingFlo2D software.The DTMs areproducedusingIDW
interpolationmethod.
Thefirststeptocreateafloodsimulationi Flo2Disbuildingthemodel.In
thisstep,theuserdeterminedtheprojectarea,defmedthegridsizeandaddedthe
modellingcomponentsuchaschannel,dyke,street,hydraulicstructureandetc.
Amongthemonlytwocomponentswereappliedin thisstudy.Theywerechannel
anddyke.Theflowcharthatoutlineshowvariouscomponentsinterfacewitheach
otherisFlo2DuseinthisstudyisshowninFig.2.
HazardandImpactAssessment
Flo2Dsoftwareisusedtosimulatethreerecurrenceintervalsfloodevents.
FrequencyAnalysis
Statisticalmethodshouldbe appliedto concludefor floodprobability
analysisanalysis.A Gumbelplot is one of themostwidelyusedstatistical
measuresfor evaluatethedistributionof theavailabledataandtheprobabilityof
theoccurenceof floodevents[Calverel, al., 2009].In thisresearch,a Gumbel
methodisusedtocalculatedthedifferentreturnperiodsforfloodmodelling.
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Validation
Calculationof accuracyandreliabilityhavebeenusedto validatethe
models.A simplevalidationmethodhasbeenappliedin thisstudy.Thismethod
wasbasedon comparisonbetweenthemodellingresultwiththereliablesource
map[Maifai,2003].Thesourcemapis theinundationextentmapof 2007flood
eventobtainedfrom SurakartaPublicWork Office. Thismapwasgeneratedby
manualdelineationfrom the field surveyby somepersonelsof thoseoffice.
Accuracyandreliabilityvalueis obtainedfromconfusionmatrixmethodattable
operationi ArcGISsoftware.
HazardAssessment
The resultsfromthemodellingphase,whicharein theformof floods
characteristicmaps(floodextent,flooddepthandfloodvelocity)areusedin the
hazardassessment.Hazardmapwasperformedbyintegratingtwofactorsobtained
frommodelling,thataremaximumwaterdepthandmaximumflowvelocity.The
classificationof hazardwasbasedonhazardlevelusedby [Ramsbottometal.,
2003](Fig.3).
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ImpactAssessment
Theimpactassessmentconsistof thefollowingwork:developedacriteria
throughuserbasedimpact,identificationof physicalelementatriskin thestudy
areaderivedfromIkonosimageandLandusemapandthendeterminestheimpact
ofthefloodinbuildingsandlanduse.
RESULT AND DISCUSSION
FloodModelling
A 20metergridwaschoseninthesimulation.Thefloodhazardassessment
was performedusing hydrodinamicmodelin Fl02D. Flood scenarioswere
generatedfor hazardmapping.Three scenarioswere generatedfor flood
simulation.
Frequencyanalysis
In ordertoknowthereturnperiodof floodingoftheBengawanSoloRiver,
theGumbelmethodwasusedwithdischargedatafrom1976to2009.Themethod
obtainsasimplestatisticalpproachtocalculatetheprobabilitiesofoccurrencefor
differentrecords.Basedonthedatameasurement,dischargefordifferentreturn
periodwereidentified(Table1)
Table1.Dischargeofdifferentreturnperiodsobtainedbygumbelmethod
FloodScenarios
Thesecondstepfor floodmodellingis generatingof inputhydrographa
certainreturnperiod.Duetotheavailabilityofdatait wasnotpossibletogenerate
hydrographsatanhourlybasis.Theavailabledatais annualmaximumdischarge.
However,theprobablepeakdischargefordifferentreturnperiodswereidentified
usingprobabilityanalysis(refertoTable1).Inordertomaintainparitybetweenthe
actualdataandthemodelinput,thehydrographswerecompletelybasedon the
estimationoftheaveragedataduringtheparticularperiodof time.In thisstudythe
hydrographswerechosenasmodelinputsfor returnperiodsof 10,25 and100
years.A 10yearreturnperiodis equaltothedischargeof 1967floodevent.Three
68
ReturnPeriod Right LeftProbability PlottingY Discharge
Probability Position
5 0.200 0.800 1.50 1104.4
10 0.100 0.900 2.25 1332.7
25 0.040 0.960 3.20 1621.2
85 0.012 0.988 4.44 1997.9
100 0.010 0.990 4.60 2047.6
225 0.004 0.996 5.41 2295.1
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scenariosof flood eventsin the studyareaweregeneratedbasedon these
hvdrograph(seeFig.4).
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Figure4.Hydrographschosenasmodelinputforthreedifferentreturnperiods
Resultsof FloodScenario
ThefloodcharacteristicsobtainedfromtheFlo2Dmodelresultswereinthe
formofwaterinundationextent(floodextent),waterdepth(flooddepth)andalso
watervelocity(floodvelocity).All themapswereobtainedfordifferentchosen
returnperiods(Fig.5andFig.6).
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Figure6.Maximumflowvelocityofthreedifferentreturnperiods.(a)10year
returnperiod.(b)25yearreturnperiod.(c)100yearreturnperiod.
In general,thehighflowvelocitywasobservedin thenarrowpartof the
river.Thehighestvalueof flowvelocityontheriveris 17.3m/sin the100year
returnperiod.Forthefloodplain,maximumwatervelocityis smallerthantheflow
in theriver.Thevalueof flow velocityin thefloodplainmainlyunder0.5mis,
someextremevalue(morethan2m/s)isreachintheplaceswherenexttotheriver.
Validation
Duetoonlyapartialareaofmodellingresultmapandsourcemapoverlie
eachother,onlythepixelswithinthisareahavebeencompared.A comparison
betweenthenumbersof pixelin everyclass("flooded"and"nonflooded")from
modellingresultmapof 2007floodeventandsourcemap(2007inundationflood
mapobtainedfromSurakartaPublicWork)hasbeenmadeintheformofconfusion
matrix.TheresultisshowninTable2.
70
,...-------........""T r- - -
(b)
tl
I
H
r!
!
.
J
-
A GIS MODELLING APPROACH Tipuk Purwandari
Table2.Confusionmatrixofmodellingresultmapandsourcemap
Flooded
Non-flooded
SourceMap
Flooded
4043
596
0.8715
Reliability
Modelling
ResultMap
Accuracy
Averageaccuracy=74%
Averagereliability=72%
Non-flooded
1944
2543
0.5667
0.6753
0.8101
Theoverlaidbetwenthemodellingresultmapandthesourcemapis shown
inFig.7.- - -
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Figure7.Overlaidbetweenmodellingresultmapandreliablesourcemap
floodhazardmapping
In thepast,maximumwaterdepthisthemostcommonwayofrepresenting
thelevelof floodhazard.Withthedevelopmentof 2D hydrodynamicmodels,it
waspossibletocreatefloodhazardmapsincorporatingtheotherparameterssuch
asdepth,velocityandkinematicenergyforbetterepresentationofthehazard.
This studywas attemptedto combineaboveparametersandderivea
multiparameterforfloodhazardmaprepresentingdepthandflowvelocity.In the
71
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finalhazardmapbothparameterswereintegratedbasedonmulticriteriabasedon
Table3. An equalweightingcriterionwasgivento maximumwaterdepthand
maximumvelocity.Theresultingintegrationhazardmapwasclassifiedin four
categoriesa "Low","Medium","High"and"Extreme".
Table3.Criteriaforfloodparameters
HazardCategories
Low
Medium
High
Extreme
Max WaterDepth
D 0.25
0.25<D:S 0.6
0.6<D :s1.2
> 1.2
MaxFlowVeloci
V:S0.2
0.2<V:S0.8
0.8<V :s1.5
>1.5
The final hazardmapgeneratedbasedon multiparameterweighting
classificationisshowninFig.8.
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Figure8.Floodhazardmapbasedonmultiparameters
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Figure9.Comparisonbetweensingleparametermapandmultiparameterhazard
mapof 100yeareturnperiod.(a)Singleparameterhazardmap.(b)Multi
parameterhazardmap
A comparisonis madeon singlehazardmapthatgeneratedbasedon
inundationdepthwith the multi parametershazardmapthat generatedby
integratingwaterdepthandflowvelocity(Fig.!0).
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Figure10.Inundationextentofeachhazardclassinsingleandmultiparameter
approach
A 62%decreasein extremezonewasobservedin themultiparameters
hazardmapcomparedtothatof singleparameterhazardmap(Fig.11). Inthesingle
parameter,areaswhereinundationdepthsaremorethan1.2meterswereclassified
asextremehazard.Howeverin multiparameters,it will furthercheckfor water
flowvelocity.If it is lessthan1.5metersit will classifyashighhazard.Therefore
reliabilityof thehazardclassdelineationcanbe improvedby int«gratingsome
floodhazardparameters.
--I~--
~
Low Medium Hie.h
Hazardlevel
FigureII, Percentageofdeviationinsingleandmultiparameterapproach
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All theresultscenarioswereintegratedtoobtainclassichazardmap.Fig.12
showsthefloodhazardmapofthestudyareaconsideringreturnperiods10,25and
100yearswiththeircorrespondingprobabilityofoccurrence.
- - - -- --
N
A
1"0 1875375- - .... -- --
.egend
Bengawan Solo River
_ 10year returnperiod-probability0.1
-_ J 25 year returnperiod-probability0.04
100year returnperiod-probability0.01
Figure12.Floodhazardmapfordifferentreturnperiods(10,25and100years)
ImpactAssessment
Floodimpactassessmentservesasatoolforestimatingtheoveralladverse
effectsof floodsfor a particulararea.In this studytheimpactassessmentis
developedthroughuserbasedimpact.Thismethodologyraisesattentionto di-
fferentconcernsofthediversepartiespotentiallyaffectedbyfloods(seeTable4).
Table4.Weightingsfordifferentinterestgroups
Visions Factors
MaxWaterDepth
35
70
MaxFlowVeloci
65
30
Humansafety
ProDertvlEstate
75
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Theauthorselect100yearreturnperiodscenariotobetterillustratethe
differencesamongimpactresultsof differentvisions.First,thetwoparameters
(maximumwaterdepthandmaximumflow velocity)wereclassifiedto form
thematicmapsbasedonthecriterialistedin Table3. Then,thesethematicmaps
wereweightedaccordingtoTable4 andintegratetogeneratefloodimpactmapfor
differentvisions(Fig.13).
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Figure13.Floodhazardzone(a).Consideringhumansafety.(b)Considering
propertydamage
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Thepercentageof eachimpactcategorycomparingto thetotalinundated
areawerecalculated(Fig.14).It iseasytoseethatherearedifferentvaluesamong
thecategorypercentagesforvision. In humansafetyvision, thehigh impact
categorytakesaccountof 70.5%.For potentialdamagetopropertiesandestates,
62%of floodedareahashighlevelimpactcategory.Thesedifferentvaluesreflect
thedifferentfocusestowardfloods,whichcouldbefurtherusedtohelpdecision
makingrelatedtotheimpactofflood.
80.0
60.0
40.0
20.0
0.0
low MedIum High Extreme
- HumanSafety - Property/estate
Figure14.Percentageoffloodimpactcategoriesfordifferentvision(100year
returnperiod)
Thefurtherimpactassessmentwasdonetothephysicalelementatrisk.The
calculationsarefocusonKampungSewuVillageandPucangsawitVillage.The
inundationareasin KampungSewuVillageandPucangsawitVillagebasedon100
yearreturnperiodscanbeseeninFig.15.
In thisstudytheelementsatriskwereidentifiedbasedontopographicmap
of 1:25,000and Ikonosimagery.The 1:25,000wasusedto derivethelanduse
informationwhile the Ikonosimagerywasusedto updateinformationabout
buildingsandhouses.A buildingfootprintmapwasmadebydigitizingonscreen
thebuildingsfromIkonosimageryinArcGISsoftware.Fieldverificationthenwas
performedbycomparingthebuildingfootprintmaptotherealcondition.Thetype
ofelementatriskintermofbuildingpointofviewcanbeidentifiedasbelow:
· Physicalelements:houses,factory,hotel
· Publicfacilities:schools,market,store,mosque,church
77
Figure15.FloodImpactmapof 100yearreturnperiodinkampungsewu
villageandpucangsawitvillage
Actual elementat risk was calculatedusingmodellingresultwhich
simulatedinundatedareabasedon 100yearsreturnperiod.TheFig.16showsthe
elementatriskaffectedbyfloodin termsof buildingsin KampungSewuVillage
andPucangsawitVillagefor thereturnperiod100years.Themodelingresults
includetwofloodparameters,i.ewaterdepthandflowvelocity.A comparisonwas
madein floodhazardmappingbetweensingleparameterandmultiparameters.
The multiparametershazardmapsimprovethereliabilityof thehazardclass
delineation.Theimpactassessmentis doneintwopointofview,humansafetyand
propertydamage.Thefurtherimpactassessmentisdonebycalculatingthenumber
ofbuildingsaffectedbyflood.
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ElementatRiskMapfor Buildingsof KampungSewuandPucangsawltVillage
for100YearsEvent
Legend
l:J church_ factOty_governmentomce_houses_ market_ mosque_ school_ store_warehouse
N
A
o 150 300 000
m
Figure16.Elementatriskforbuildings
CONCLUSION
a. Theresultsof thethreescenariosof flowsmodellingusingFl02Dcanused
toanalyzethehazardincertainarea.
b. Thefloodhazardcanbegeneratedthroughasingleparameterof theflood
hazardorbycombiningmultiparametersof floodhazard.Thereliabilityof
thehazardclassdelineationcanbe improvedby integratingsomeflood
hazardparameters(waterdepthandvelocity).
c. IntegratingwithanotherdatasuchaslandusemapandIkonosimagery,the
flood hazardmapobtainedfrom modellingcan be usedto calculate
thephysicalelementatriskinthestudyarea.
RECOMMENDATION
a. In modellingfloodfor largereturnperiods,e.g225and500 years,it is
recomendedtoconductit in thebiggerareasasthedifferencecanbeseen
clearly.
b. The computationtime is major constraintin flood modelling.It
isrecommendedtouseafastcomputerwithmemoryminimumrequirement
is2GB.
c. Thefurtheresearchsuchasriskassessmentcanbeconductedin thestudy
area.
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